Purpose The objectives of this study were to describe our surgical management with a modified total en bloc spondylectomy (TES) and to evaluate the clinical effects in patients with thoracolumbar tumors. Methods Sixteen consecutive patients with thoracolumbar neoplasms underwent a modified TES via single posterior approach followed by dorsoventral reconstruction from December 2008 to July 2011. Details of the modified technique were described and the patients' clinical information was retrospectively reviewed and analyzed. Results Significant improvements in neurological function were achieved in most of the patients. Local pain or radicular leg pain was relieved postoperatively. The mean operation time was 7.2 h, with an average blood loss of 2,300 ml. No major complications, instrumentation failure or local recurrence was found at the final follow-up. Five patients died of the disease during mean 14-month (3.0-23) follow-up. Conclusions The modified TES with a single posterior approach is feasible, safe and effective for thoracolumbar spine tumors.
Introduction
Total en bloc spondylectomy (TES) is a relatively new surgical technique that uses a T-saw for spinal tumors [1] [2] [3] . The TES technique is different from traditional intralesional resection with the characteristic of removing the whole vertebra, body and lamina as one compartment to achieve wide tumor excision. TES can be performed through staged or combined anterior and posterior approaches, or from a posterior-only approach. The posterior-only approach proffers the merit of achieving complete tumor excision and circumferential spinal reconstruction in a single setting. Some studies have demonstrated TES's clinical utility and safety [3] [4] [5] [6] [7] [8] . Briefly, The posterior-only approach in TES is composed of two steps: en bloc resection of the posterior element (en bloc laminectomy) and en bloc resection of the anterior part (en bloc corpectomy) [3] . Theoretically, however, the procedure of TES for thoracic spinal tumors may result in severe complications such as mechanical damages to the spinal cord or major vessels, which make it technically challenging, as such its application is restricted. Particularly for the procedure of en bloc corpectomy, the dissection for vertebral column by T-saw reciprocating from anterior to posterior is dangerous to the cord using the original methods. Several surgical teams, including the author's, have developed or modified tools for TES. T-saw has been replaced with arc osteotomes completely [9] . Modified dissection for corpectomy is characterized using a disk puncture needle with sleeve for guiding a T-saw in posterior-anterior direction in tile plane between dura mater and disk [10] .
The purposes of this study were to demonstrate the feasibility and safety of our modified technique for TES via a single posterior approach, and to retrospectively evaluate the clinical effects in thoracic and lumbar tumors.
Patients and methods

Patients' backgrounds and tumor characteristics
This study had been approved by the ethics committee of our hospital. All the surgical procedures were done with informed consent from the patients. Sixteen patients with thoracic or lumbar tumors were treated with a modified TES via one-stage single posterior approach at the authors' institution from December 2008 to July 2011. Clinical information was collected from the records including age, sex, medical history, symptoms, neurologic findings, radiographs, computed tomography (CT) and magnetic resonance imaging (MRI), pathological diagnosis and follow-up interviews. The diagnosis of spinal tumors was based on the observation of typical findings in diagnostic imaging studies. The Tokuhashi scoring system [11] was employed in preoperative assessment for prognosis of metastatic spinal tumor and Tomita's scoring system [3] was used to determine the best therapeutic option for the patient prior to surgery.
The patients' backgrounds, tumor characteristics and surgical classification for these patients are summarized in Tables 1 and 2 . Two patients had a primary tumor of the spine (Giant cell tumor, neurinoma) and 14 patients had metastatic spinal diseases (Table 2) . Nine patients out of 11 cases who had thoracic spinal tumors suffered cord deficit. Five patients had isolated root deficit resulting from lumbar tumor. In spinal metastatic patients, 4 of 14 patients scored 9 and 10 patients scored between 10 and 13.
Surgical procedure and modified techniques
Under general anesthesia, patients were placed in a prone position. After a dorsomedian skin incision, the paraspinal muscles were detached from the spinous processes and the laminae as well as the facet joints. In the thoracic spine, the dorsal parts of ribs adjacent to the costotransverse joint were resected leading to reach access to the ventral aspect of the vertebra with tumor. En bloc laminectomy was performed and bone surfaces of cut section were immediately sealed with bone wax. Intervertebral dissection of the neighboring disk spaces, the posterior and partially anterior longitudinal ligaments were performed carefully using a spatula and the surgeon's fingers. Gentle and blunt dissection was performed on both sides through the interface between the pleura aorta as well as the iliopsoas muscle and the vertebral body in the thoracic and lumbar spine, respectively, which was then preceded by dissection and ligation of bilateral segmental arteries. In the thoracic spine, the nerve roots were ligated and cut. Before en bloc corpectomy was performed, unilateral posterior instrumentation was installed to stabilize the spine. After gentle dissections of the spinal cord from the surrounding epidural venous plexus and/or the extended tumor margin in the spinal canal with a thin nerve dissector was completed, the original en bloc corpectomy characterized with ''one-step dissection'' from anterior to posterior [3] was modified by us to ''two-step dissection'' ( Fig. 1 ): after the disk was cut by T-saw to the level about one-third middle-posterior, L-shape chisel was inserted into the dissected space and beat away posterior-anteriorly to join forces with the T-saw. Afterward, the affected vertebra was pushed forward about 5-10 mm and meticulously rotated along its longitudinal axis, achieving a circumferential decompression of the spinal cord and a segmental total en bloc corpectomy.
Finally, dorsoventral reconstruction of the spine was carried out using cages filled with cancellous bone graft or bone substitutes [3] to achieve anterior stabilization and by the posterior instrumentation, at least two levels above and below the spondylectomy, respectively.
Postoperative management was characterized by wound drainage for 24-48 h and intrathoracic drain for those with pleura disruption or hemothorax within 5 days. Patients were mobilized after 1 week and instructed to wear a thoracolumbar brace for 3 months.
Complications were recorded including disruption of dural mater, the leakage of cerebrospinal fluid, iatrogenic spinal cord injury, major vessel damage, pleura disruption and wound infection.
Outcomes evaluation and follow-up
Radiating pain and local pain relief were assessed by a 10-point visual analog scale (VAS), where a score of 0 indicated 'no pain' and a score of 10 indicated 'severe pain'. Neurologic function was assessed using the American Spinal Injury Association (ASIA) impairment scale [12] and muscle strength of lower limb was measured by manual muscle test only for those with lumbar tumors.
Outcomes were assessed prior to surgery, 1 week and every 4 weeks post-operatively. All the patients were followed routinely by biplanar X-ray with or without CT-scan for the thoracic or lumbar spine.
Results
Feasibility and safety
All the patients were operated successfully (Figs. 2, 3) . The average duration of the operations was 7.2 h, and the average blood loss was 2300 ml (Table 2) . No iatrogenic spinal cord injury, major vessel damage, disruption of dura, leakage of cerebrospinal fluid and wound infection occurred while two pleura disruption happened during the operations which were remedied with intrathoracic drain successfully.
Neurologic function and pain relief
Significant improvement in neurologic function was achieved in 13 patients, including eight patients with cord deficit and five patients with lumbar spinal lesions. Of these 13 patients, it was observed that neurologic deficits completely recovered in four patients with cord deficit, two patients with ASIA grade C and two was grade D before operation. Five lumbar tumor cases with radicular pain were relieved significantly and their muscle strengths of the involved muscle group upgraded to grade IV or above postoperatively (Table 3 ). There were six cases without any changes. Two was ASIA grade E preoperatively without any deterioration, one was ASIA grade A with metastatic lung cancer in T10 preoperatively, one was ASIA grade C and the other two remained at ASIA D. Local pain in all patients was also reduced dramatically after operation and continuous gradually relieved during follow up (Fig. 4 ). It remained at mild level with 0-3 score after 3 months and significantly improved over 6 months.
Follow-up
Follow-up varied from 3 to 23 months (mean 14 months). Five patients died within the follow-up period, including one patient with hepatocellular carcinoma died at a little more than 3 months, three with lung cancer died at 5 months and one with rectal carcinoma died at 13 months, after surgery. No clinical evidence of local recurrence was found in all the patients at the time of the latest follow-up. No hardware failures or cage dislocations were observed with digital radiograph. Neurologic function of all patients did not deteriorate in follow-up.
Discussion
The results of our study had shown that TES performed with modification of the dissection for vertebral column by combining with T-saw and L shape osteotome was a feasible, safe technique for the treatment of the patients with spinal tumors.
Our results demonstrated that some patients remained neurologically stable and the others improved after the surgery. Street et al. [13] reported that out of 37 patients with ASIA cord deficit, who underwent a single-stage posterolateral vertebrectomy, nearly half of the patients improved one ASIA grade at the end of the follow-up. All the patients presented with an isolated root deficit and a single patient who was presented with Cauda Equina syndrome had made a complete recovery. Recently, a retrospective review on neurologic function after thoracic TES with regard to Frankel classification in 79 patients with thoracic-level spinal tumors that had been treated with TES, showed that there were no neurologic deterioration Fig. 1 Scheme of the original method for en bloc resection of the anterior part (en bloc corpectomy) by using thread wire T-saw only (a) and the modified technique for en bloc corpectomy with L shape osteotome used subsequently with thread wire T-saw (b, c). Two step dissection for corpectomy: after the disk was cut by T-saw to the level about one-third middle-posterior, L-shape chisel was inserted into the dissected space and beat away posterior-anteriorly to join forces with the T-saw. Then, the affected vertebra was pushed forward about 5-10 mm and meticulous rotated along its longitudinal axis, achieving a circumferential decompression of the spinal cord and a segmental total en bloc corpectomy Eur Spine J (2013) 22:556-564 559 and neurologic improvement of at least 1 Frankel grade was achieved in 25 cases among 46 cases (54.3 %) with neurologic deficits before surgery [5] . Neurologic improvement was observed in 58 % of 76 consecutive patients with symptomatic spinal metastases treated with anterior spinal cord decompression with stabilization, and 93 % were able to walk postoperatively [14] . Similar improvements observed in pain relief occurred in our series as presented elsewhere [5] . A clinically relevant significant reduction in radicular pain and local pain were achieved within 1 week after TES, local pain then decreased gradually further at 3 months and was maintained on the same level for some time.
The duration of the operation was 7.2 ± 1.4 h (range 5-10.3), which was shorter than that of Melcher and colleagues reported at 9.2 ± 3.1 h (range 5.3-16.4) in 15 patients [8] . The difference lied in the fact that all our patients were only one vertebra involved but three patients in their series were multilevel involved. It was also a little shorter than the average time of the operation with 8.4 h (range 7.4-10.8 h) in single level TES treated with preoperative embolization of segmental arteries supplying the tumor only [3] . Meanwhile, intraoperative blood loss with 2300 ± 720 ml (range 1,200-3,500) in our series was similar to that of 2,612 ml (range 1,530-5,950 ml) in those embolization patients reported by Kawahara and co-workers [3] . All of their patients had thoracic hypervascular spinal tumors. However, our series were not all hypervascular tumors and our patients had not been performed preoperative embolization. In comparison to the original methods with embolization preoperatively and other modified techniques for TES aforementioned [9, 10] , our method achieved convenient manipulation with a sound operation time and blood loss.
The morbidity of surgical procedures for spine tumors was higher than for other conditions, particularly for en bloc resections, the most technically demanding procedures. Forty-seven patients of 134 patients (34.3 %) reported by Boriani et al. [15] suffered a total of 70 complications (41 major and 29 minor complications). And 32 of 47 patients (32/47, 68.1 %) had 1 complication, while the rest had 2 or more. Three patients (3/134, 2.2 %) died from complications. In a series of 42 patients, who underwent the posterolateral vertebrectomy approach reported by street et al. [13] , 20 patients suffered with one or more complications for an overall patient complication rate of 47 %. Eleven patients had a major complication (26 %). Nine (9/42, 21.4 %) patients required early reoperation and 7(7/42, 16.7 %) of them had wound failure. Wang et al. [16] reported there was an overall major complication rate of 25.3 % using the single-stage posterolateral transpedicular approach for 140 patients with the epidural metastatic spine tumors. Major operative complications occurred in 20 patients (14.3 %). Wound complications occurred in 16 patients (11.4 %).
Compared with these series, patients in our study didnot suffer any major iatrogenic complications of TES. There was pneumothorax in two patients because of pleura disruption. The procedure of rotation and remove of tumorical vertebral with extent at the lateral side led to pleura disruption in one patient. And the other one happened in the dissection around the vertebral. It was successfully managed by intrathoracic drain remedy within 5 days. We did not encounter any wound-related complications or infections in our series.
Our results also confirmed that en bloc resection via a single posterior approach and single segment involved seemed less risky. Multisegmental resections and operations including double contemporary approaches were identified as the top two factors significantly affecting the morbidity [15] .
Local recurrence directly led to poor prognosis and needed reoperation if applicable. However, revision for spinal tumors no matter primary or metastatic was highly risky and always unsuccessful. En bloc resection had been reported about 7.1 % local recurrence in non-contaminated cases [15] . Our series had no evidence of local relapse.
Taken together, the absence of major TES-related complications and the lack of need for surgical revision in our study highlighted the safety and sound oncologic outcomes of this modified procedure.
The principle of en bloc resection for primary spinal tumors had been well accepted [17] . However, the indication of TES for spinal metastasis still remained controversial [18, 19] . Interestingly, there were more cases with metastasis underwent TES than that with primary tumors in literature [1, 2, 4, 5, 8, 17, 18, [20] [21] [22] [23] . We believed that it was mainly because that primary spinal tumors were rare with less than 5 % of all primary musculoskeletal tumors. However, almost all the major types of systemic cancer could metastasize to the spinal column. In our series, there were 14 spinal metastases versus 2 primary lesions. Actually, TES had achieved encouraging clinical results in 24 patients with spinal metastasis [2] . Even in one of the extremely poor-prognosis cancers, lung cancer spinal metastasis, one recent study in small series showed that TES also was appropriate in managing for selected cases with controllable primary lung cancer, localized spinal metastasis, and no visceral metastasis [4] . In our study, a short survival was observed in four cases, one with hepatocellular carcinoma metastasis and the other three with lung cancer metastases. Other ten patients with relatively good-prognosis spinal metastases treated with our technique had achieved a more than 6 months survival with pain relief. TES might remain too invasive a surgery in such cases. However, when combined with multidisciplinary approach, TES was a promising option for spinal metastatic disease especially for those with good-prognosis localized metastasis or metastatic epidural compression of the spinal cord [24] . There were some limitations in our study. First, it was a retrospective analysis with small number of patients with short-term follow up. Secondly, it must be cautioned that the spinal cord might be damaged when the L-shaped osteotome was inserted into the epidural space with incomplete dissection between the ventral dura and vertebral or the tumor posterior margin. However, this was rare, meticulous and complete dissections played key role in this step. Intraoperative neuromonitoring, including wake-up test and evoked potentials is helpful when surgery was involved in the spinal cord region especially for those with tumor extended to the spinal canal over a large area in order to create a safer, optimal environment and to minimize neurologic deficit [25] . Evoked potentials is a real-time, sensitive and valuable monitoring tool for optimization of outcome in complex spinal surgery. Today, combined SSEP and MEP are advocated during spinal procedures. However, a lot of factors can influence successful intra-operative OP operative, n number of patients, w week, m month SSEP and MEP, such as anesthesia agents, neuromuscular blocking drugs, hypotension, hypothermia [26] . Therefore, the intra-operative wake-up test is still considered to be the 'gold standard' and consists of patient awakening with observation of voluntary limb movement. Wake-up test is not a continual and real-time monitoring method. Moreover, not all patients are good candidates for a wake-up test, such as retarded patients, infants and young children. They might need SSEP or MEP during operation. Paraplegic patients are also not good candidates for either wake-up test or SSEP/MEP, but certainly benefit from intra-operative SSEP and MEP to prevent deterioration of existing neurologic deficits [27] . In addition, the spinal metastases were dominated in our series while spinal primary tumors and metastases had different prognosis. Furthermore, our cases had not been performed with preoperative embolization, especially preoperative triple-level embolization, which had been proved in a significant reduction for intraoperative blood loss while no statistic influence on shortening in operation time [3] . Nevertheless, the results of current study had shown that it was worthy of further investigation in prospective large scale with long-term follow up for primary and metastatic spinal tumors, respectively.
Conclusions
In summary, TES with the modified en bloc corpectomy via a single posterior approach is a promising and useful therapeutic option for thoracic and lumbar primary or selected secondary tumors.
